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A!' TiJVESTTOATTOK OF THE  RANGBR V-77O-0 ENGINE 

INSTALLATION FOR  THE EDO XQSB-1  AIRPLANE 

II   -  AERODYMANTCS 

TED  NO.   .SACA Ohk 

By Ii'ork  R.   Nichols and  John C:.   Denncrd 

STB:^RY 

An investigation has  beer, conducted  In the  bun^ley 
propeller-research  tunnel  to determine  the  oowllng  &nd 
ooolln,'; requirements  of  the Ranger V-770-0 eiglna instal- 
lation for the Edo XOSE-1  ui rol-ine.     The  present report 
sumn.erizes  the  aerodynamic date obtained  in  the  testing. 

Extensive model ohangea  including alternate bafflee, 
exhaust  stocks,   sooling-air exits,   e.nd oil-cooler ducts 
were  tested In  attests  to  lnoraaas  trie cooling  capacity 
of  the  Bowling  and  to  reduce  the drsj.     rinal oowl oon- 
flpurutions nosaassed sufficient  engine  und  -ill-cooler 
pressure droos  in the critic*!   nor-:al-r>ower clliib condi- 
tion to cool the  cylinders   end the oil below the  specified 
temperature limits with any of the  throe baffle oonflgura- 
tlona tested.    Dr^r olean-up tests indicated minor ohangea 
wtaiob \ii 11  result  at  sea  level in approximate Ivicres'see 
of 5   uiles per hour in high spaed,  34 feet  per minute in 
rate of  oliTb,   and 7   ->3rcent in maximum range•     The lndi- 
cf.ted critical ;;ach number of the  aowllng  was  four.O   to 
Pa 0.7^ as determined by the preaaurea or. the lo-«er lip 
of  the  inlet. 

Pressure data are presented ior wide  ranges of exit 
'irea,   anjrle of  attack,   and thrust disk-loading coefficient. 
Sample  applications  of  the data  to the estimation of  the 
required e>lt  area are  shown. 
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nrTROD'ICTIOr 

At ths requeat of the  3ureau of Aeronautics, Navy 
Dei »nr feme nt,  ur. investl nation of the  aerodynamic ruid 
000ling characteristics of the danger "»773-C en, ire 
Installation for the 2do XOSE-l alrplmie. has been con- 
rtuctert in the Langley propeller<*reaeeroh tunnali    Xba 
objects of the'- Investigation war« (1)  to datarmlna the 
cooling characteristics and requirements of the angina, 
(2)   to determine tha  aör'odynan.ic obfcraoterlatloi of tha 
cowling,  and  (3)  to develop a oowllng aith adequate 
000liny-oressure drop and  lea dray.     Tha present report, 
partTZ, summarizes air flow, pressure, and force data 
outainad tn tests of a nu.T.oer of .i.odel fonf.i.gurationsi 
part t,  reference 1,  Tesenta corresoowilng temoeroturo 
date  and engine   cooling correlations.     Recent  investiga- 
tions at Langlay Laboratory of aimllar in3t;.llstlons of 
Ranker V-770 engines  ere  reported in inferences 2 through^ 

The "do XOSS-1  airplane is  a single-engine  aoout- 
obaarvatlon seaplane with a normal gross weight of 
f>200 pounds,   e  ring arua of 2}C square ieet,  and »  v/lng 
sow. of 5O feet.     As estimated by tba m.«u;ufactur-»2',  the 
"olgn apeed  of this  airolr.ne at  sea level  «rt th irilif.ary 
iO'"sr is  lPü miles  ner hour .»rd the  rate of climb at 
t>iis  altitude and  power is  lL60 feet  ^er minute at a 
climbing so^ed  of IOC »vilss  r;sr hour.     Because of these 
low fllrt't  ipaada,  special emphasis baa  been dlr?cted 
toward the' reduction of the  präaaura drops required to   • 
cool and'.inoraaaing the pressure drops  available. 

The wlnd-tun.*.el investigation included oropaller— 
removed end propeller-operating meaaurenenta to determine 
drag: and coon ng-air-flow oharaoterlatloa.    changes to 
the  original configuration lnoluded'alternate bafflea, 
exhaust ataoka,  soollng-alr exits, vnd modlfl'oatlona to 
the oil-cooler ducts.     For the  wore   .'roris'.ng  com'igura- 
tions,  extensive pressure surveys were r.ads in  tn'9 
Internal flow and on the external cowl aurfaoa ovar wide 
ranges of cooling-exit area,  angla of attack,  and thrust 
disk-loading coefficient. 

The flow-re si stance cbartoteristxas of the  engine, 
the oil cooler,   the cowl  leakage  area,  the  generator, 
and  tha generntor blast  tube were determined fro-n ground- 
stand calibration tests.   . IN 
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SYMBOLS 

1 

or 

a    spaed of sound, feet per second 

A    cross-sectional area of duct, square feet 

Cn   drag coefficient, 2T&& D °.0
S 

ACQ  Increment of drag coefficient ' 

G-r,        coefficient of internal drag, • 

D    propeller diameter, 9 feet 

g    acceleration due to gravity, 32.2 feet per second 
per second 

H    total pressure, pounds per square foot or inches 
of water 

AH   increment of total pressure, Inches of water 

critical Mach number, Vcr/a 

n    rotational speed, revolutions per second 

p    static pressure, pounds per square foot or inches 
of water 

APQ  cooling-air pressure drop across oil cooler 
(H^ - p^), pounds per square foot or inches of 
water 

APe cooling-air pressure drop across individual engine 
cylinder (Uf - p^), pounds oer square foot or 
Inches of water 

q dynamic pressure, pounds per square foot 

£} volume rate of flow, cubic feet per minute 

S wing area, 258 square feet 

T effective thrust, pounds 

CONFIDENTIAL w ;*40$ 
•***HfcW*W* •fe,:.*, 



CONFIDENTIAL MR No. LSI12b 

V 

V„ 

thrust disk-loading coefficient, 

velocity, fest per second 

Po^D2 

free-streari velocity at which local  surface velocity 
reaches  sosed  of  sound,  feet per second 

W weight rate of  flow,  pounds per hour or per minute 

a angle of  attack of thrust axis,  degrees 

ß propeller blade  angle  at O.75 radius, degrees 

8 ooollng-elr flap  angle  from flush position,   degrees 

9 design angle of propeller blade element, degrees 

p          mass density of air,   slugs per cubic foot 

o relative density of air,     0/O.OO237O 

Subscripts: 

b at front of cylinder barrels 

oil cooler 

engine 

at  front face of  oil cooler or between fins of 
cylinder ho ads 

1 at  cowl  Inlet 

lo at Inlet of oil-cooler duct 

o In free stream 

r pt rear of oil cooler or engine 

x at coollng-alr exit 

Double subscripts Indicate that both apply.     A bar 
above a symbol Is used to denote an arithmetic average. 

CONFIDENTIAL 



MR No. L5I12b CONFIDENTIAL 

MODEL, POTi/ER-PLAKT INSTALLATION, 

ACT INSTRUMENTATIOF 

The model consisted of a complete power-plant 
Installation mounted on a mock-up of the forward part 
of the airplane.  A 15.21-foot stub wing was fitted to 
the mock-up; the tall surfaces and floats were not 
Installed.  The general arrangement and principal dimen- 
sions of the model are presented In figure 1; general 
views of the model are shown in figure 2.  The various 
model configurations are identified and assigned symbols 
in table I.  (As received, the model was in the-configura- 
tion designated la.)  Significant duot areas are listed 
in table TI. 

The Ranger V-770-8 engine (fig. 3) is a 12-cylinder 
inverted-V-type air-cooled engine with a propeller gear 
ratio of 3'2.  Tt has a normal power rating of 5°0 horse- 
power at 3150 rVm  from sea level to 8000 feet and a 
military rating of 55° horsepower at 33°0 rpm from sea 
level to I4.500 feet. The  propeller used for these tests, a 
two-blade, 9-foot-diameter, constant-speed, Hamilton 
Standard propeller (blade number 61C1A-12), is described 
in figure k- 

Sketches and photographs of the baffles tested on 
the engine are presented as figures 5 and 6, respectively. 
The conventional baffles were installed on the outboard 
side of the barrels.  The turbulent-flow baffles were 
Installed on both sides of the heads and barrels and had 
several turbulence strips extending from the baffle shell 
to the cylinder fins.  The NACA designed baffles, installed 
on the barrels only, fitted tightly against the barrel 
fins over an arc of about 300 and had inlets alined with 
the flow and diffuser-tail exits designed to reduce pres- 
sure losses at the baffle exit.  A more complete discre- 
tion of the baffles is contained in reference 1. 

Exhaust-stack details are shown in figures 7 
through 10.  The stacks were manifolded in groups of 
three except for the mocked-up individual stacks of con- 
figuration IVo.  All stacks except those used in con- 
figurations IVb, IVd, and IVe were equipped with shrouds 
Intended to reduce heating of the engine and oil-cooler 
air.  Shroud cooling was effected by cooling air which 
entered at the top of the shrouds and exhausted at the 

CONFIDENTIAL 
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surface of the eowl.  (See fig. 9.)  External configura- 
tion variables for the rranlfolded sttioks included 
"vertical" and "horizontal" fishtail-type flame damoers, 
short stacks, and flush stacks.  The mock-up individual 
stacks were equinned »1th horizontal fishtail flame 
dampers.  The flame dampers were not used extensively in 
the power-on testing because of recurring structural 
failure (fig. 10). 

Viows of the inlet duct configuration and coordi- 
nates of the inlet lips are presented in figure 5 (*n<i 

table III, respectively.  All cooling and charge air was 
taken into the triangular-shaped main inlet.  Oil-cooling 
and carburetor air was taken from the back of the inlet 
section by ducts below the left car" cover and between the 
exhaust stacks, respectively.  The engine cooling air 
was exhausted from the cylinder exits into the exit and 
accessory compartment which extended from the spinner 
bulkhead to the firewall and was open to the rear of 
both banks of cylinders. 

A specially built United Aircraft Products elliptical 
oil cooler, designated U-8L.O713, was installed In the 
model.  (See fig. 11.)  It had 0.21-inch-dlsmeter tubes, 
a faoe erea of 7Ü square Inches, and a core depth of 
9 inches.  Configurations of the oil-cooler duct are 
shown in figure 12.  Installation variables-s included 
exit ducts, exit flaps, and guide vanes.  (See fig. 13«) 

A photograph of the carburetor duct is presented 
as figure lli; installation details are shown in figure o(b). 
The hot-air door in the bottom of the duct closed off the 
passage to the pressure box when opened and caused all 
the oarburetor air to be taken from the accessory com- 
partment. 

Cuoling-air exit details are shown in figures 15 
through 17.  A flow-directing vane was used in the oil- 
eooler-exit duct of configuration Ic; two vanes wore 
used in each of the engine-cooling-air exits of all con- 
figurations except IVe; an NACA designed fairing strip 
(fig. 17) was Installed in the accessory compartment 
exit of configurations la and lb.  Cooling-air shutter 
and flap dimensions were as follows: 

o 
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Cooling- 
alr duct 

Type of exit . 
control 

Height 
(in.) 

Length 
(in.) 

Engine 
Enp i rie 
Oil 
oooler 
Oil 
ooolor 

Shutter 
Flap 

Shutter 

Flap 

17.56 
17.75 
12.87 

13-31 

9.LO 
11.9k 
U.25 

7.3Ü 

Variations of  the  cooling-air  exit  area with  shutter or 
flap opening are  3hown In figure lC. 

A l?-inoh-dinmeter blast  tube   (fig.   S(b))   was  used 
to  supply cooling  air to  the generator located  at  the 
top of  tue  engine.     Configurations  vere  tested in which, 
the inlet  was  located at  the top of  the  cowl  Inlet   (fig. 19). 
at  the  rear wall of  tfte pressure  box beneath  the  right 
cam  cover  (fig.   8(b)),   at  the  rear vail of  the Dres3ure 
box. above  the  carburetor duct,   and in the oil-cooler 
inlet duct  just upstream of  the  oil  cooler  (fig.   13). 
From 5  to 5 feet 0/ tubing and a number of bends were 
required in  each of  the above  configurations. 

The  ongine  ?anel Incorporated remote indicating 
instruments, and  an electric  actuator system for operating 
the en£lne  controls   and flaps.     Forces  were read on the six- 
compoiiont.     wir.d-tunnel balance  system.     Pressures were 
measured  by  th.3  total  and  static  tubes  itemized in 
table  IV.     Methods   and Instrumentation for obtaining 
temperatures  and other engine operating data are dis- 
cussed in reference  1. 

GROUND-STAND CALIBRATIONS 

Ground-stand  flow-resistance  calibrations  of several 
components  of the  installation were made  as  a preliminary 
to  the E.nalysls of  the wind-tunnal  test results.     Experi- 
mental   jetupr,    .are  shown in I'l^ures  20  and 21.     Special 
instrumentation consisted  of  the calibrated  ventur>i  in 
the  former setup     and  the eelibrated contraction cone 
and grids     of  total pressure   tubes   at  both ends of  the 
blast tube of the latter set'.:'. 
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Sry/lne-baffle combinations   and  oil cooler.- Propellor- 
renoved  cooling-uir-flow calibrations  of   the three engine- 
baffle  combinations  are oresentod in figure 22;  oorre- 
soonding comparisons of  the  average pressure drops  across 
the  left end  right banks  are shown in figure 23«     Effec- 

tive  orifico  areas,      '^     (expressed in foot-pound- 
Bv^PÄPe" 

second  units),  were  about O.75,  0.68,   and 0.7J  square 
foot for the  conventional,   turbulent-flow,   and diiTuser- 
baffle   installations,  respectively.     The  latter value 
is  for an installation with diffuser baffles on all 
cylinders. 

A propeller-removed cooling-ulr-flow calibration of 
the oil cooler is presented as figure 2I4. The effective 
orifice  area and the pressure-drop coefficient 

for the   cooler were approximately 0.26 square  foot 

»\nd J.>0,   respectively. • 
® 

It is  emphasized that  the  a'oove  calibrations  are 
for the  cold condition only;   the pressure drop nut be 
corrected  for cooling-alr-denslty changes due  to heat 
dissipation and  altitude before being  applied  to  oower- 
on operation.     The necessary corrections  are discussed 
extensively In references  6  through  S.     Reference C 
indicates  that a very close approximation of  the engine- 
cooling-air flow In altitude operation nay be obtained 
from a  cold calibration by basing    O     on the density of 
the  cooling air Just downstream of  the  engine. 

Tie alt age. -  The combined leakage through the exhaust- 
stack  shrouds  and  the pressure-box seanis  for the  calibra- 
tion condition is presented as  <x  function of the engine 
front pressure  and  the janglne^pressure drop in figure 2}j, 
At a baffle pressure drop  of C; inches of  water,   the  leak- 
age  flow Is about 6000 pounds per hour or approximately 
15  percent of the cooling-air flow through  the  engine. 
Attention is called to the feet  that  these data  are of 
a strictly qualitative nature as   the external surface 
pressures,   the  oil-cooler flow,   srd  the  charge-air- flow 
for  the  flight conditions   wers not  duplicated;   the  actual 
leakage  flow would probably be  greater for the hl^h- 
s.^eod condition  and  1-^ss  for  the  cll*nb  and cruising  con- 
ditions. 
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The  lofilreg-j  through the  cowl  seats  downstream of  the 
engine   (with respect  to  the  cooling,-air flow)   and froir. 
the gas  bstv-een  the  cowling  end  the firewall (figo.   l6(b) 
nnd 17)   for  the fjush-flso calibration condition is shown 
La  figure 26 as  a  function of  the   engine  reur Droraure. 
Although   th'^re data are  also of >  qualitative nature,   they 
indlc-te  that  tho  leakage was  a lar^re percentag-3  of  the 
exit  flow for the high-speed, flight"condition.     The 
clearance gap between the  cowl and the soinner was found 
to  be   the  source of a  large  airount of additional  leakage. 

Onnsritor  arg   blast   tuba.-,An  air-flow calibration 
of the  generator is  presented" In figure 27-     The pres- 
sure dro-j  across  the generator is  shown to be  a .-noro 
important variable   than the  rotational speed in determining 
the  cooling-air flow;   the built-in fan apoears  to be rela- 
tively ineffective  at  largo  flow quantities.     At the rated 
engine  spo«d of 3150 *P" a pressure drop of approximately 
3.3   i neben  of water  was  rofflolent  to  supply the  75  cubic 
feet of  cooling t.ir per minute  specified  by the  engine 
manufacturer.     N'avy snecifieatlons  (reference 9)» however, 
are not  based on the oressure drop but  stipulat?  that the 
rcm at  the nerarator  flange  shall be at  least 6 lnohea 
of  water In flight  at  the   best  olirrb speed at  sor   Level• 
As  the  accessory compartment pressure is   below atmospheric 
oressure in the climb condition this requirement is  con- 
servative. 

A pressure-drop calibration of the generator blast 
tube  in  presented  cs figure 2S.     Large  increases in the 
pressure  losses  occurred  when either  the  tube  length or 
the  bend  onf.le  were increased.     At   the  air flow required 
for generator cooling  (75  cubic feet per minute)   the 
loss  through a  typical Installation with a S6.5-inch 
blast   tuba having a total  bend ariflo of 270° would bo 
between  7 and  S Inches  of water.     This  large  loss could 
most easily be  reduced In tho  present  Installation by 
using a larger diameter bl'ast  tube. 

TOHBK, TESTS 

I 

The   Initial portion of  thr  tunnel  testing consisted 
of oropeller-rer"oved pressure  and draf, studies   at  a 
tunnel  speed of about  100 mile? per hour directed  toward 
the development of a  eowllng with  adequate cooling o^en- 
sure drop  and  low drag.     Propeller-Inntailed  teats  of  the 
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b<D8t cowl arrangement were then conducted to determine 
the cooling characteristics of the several engine-baffle 
configurations and those of the oil-cooler (reference 1), 
and the available cooling pressure over the range of 
flight conditions.  Several final configurations were 
checked at the end of the test program. 

The estimated sea-level flight conditions used as 
a basis for the oropeller-installed tests were as follows; 

Flieht 
eandition 

Horee- 
nower 

Bigine 
(rrar.) (deg) 

To a 
(deg) 

> 
(ft/eeo) 

High   «needs 
Normal power 
Military nower 

500 
550 

3150 
3300 

22 
22 

0.057 
.062 

-1.3 
-1.6 

27U 
282 

I'aximum-F-nd'.irance- 
orulse at 30.6 
rereent normal 
Tiovrer 153 1800 2I+.5 .15 11.2 132 

Climb. 
Normal power 
Military power 

500 
550 

3150 
3300 

17.5 
16.5 

.26 

.28 
7.5 
7.5 

158 
159 

o 

The.climb and maximuM-endurance-craise conditions were 
approximately duplicated in the tunnel at the oroper 
airspeed; irllltary oower could not be quite attained 
in most oases because of losses in wan]fold pressure 
occasioned by the charge-air measuring venturl Installed 
in the carburetor duct (reference 1).  The high-speed 
condition was simulated at a tunnel speed of 100 miles 
per hour by duDlieating the flight value of V0/nD 
with the flight blade angle of 22°. 

TUNNEL TEST RESULTS 

The results of the tunnel tests are [.'resented In 
sections which deal with cowl development, internal 
flow, required exit area, drag, and surface pressures. 
The types of data presented for each model configura- 
tion along with the configuration Identifications are 
listed In table I. 

CONFIDENTIAL 
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Modifications to- Installation 

i 
H 

« 
*: 

Preliminary propeller-reiroved pressure surveys 
indicated that  the available pressure drops across the 
engine,  oil cooler,  and generator of the original con- 
figuration (la)  would be either marginal or Insufficient 
for cooling In the normal-power climb condition.     Testing 
of this configuration was discontinued immediately  and 
a series of modifications  to the  cowling were investigated. 

Engine and oil-cooler ducts;- A summary of compara- 
tive data pertinent to the  development of the engine and 
oil-cooler ducts  Is presented In table V.     The  available 
engine and oil-cooler pressure droos at    a = 7«5    a*"* 
with propeller  removed were increased 0.21q0  and 0.5Uq0» 
respectively, by substituting the  flaoped exits for the 
shutter exits.     (Compare results for configurations Ie 
and Ila.)     For the normal-power climb condition,   removing 
the  exhaust-stack  shrouds   (cotifl durations   IVa and IVb) 
lnoreased the engine and oil-cooler pressure drops by 

by reducing  leakage and  removing 0.08q0  and 0.09qu 
obstructions from the pressure box,  but also increased 
the  cooling-air and carburetor-air  temperatures by 0° F. 
For  the   sai'e  test condition,   removing  the vanes   from 
the  englne-cooling-alr  exits   und   sealing  the  accossory- 
corpoartment  exit gap   (configurations  TVb and IVe) 
decreased   the  engine   ^ressure  drov  by only O.Okq    but 
Increased,  the  accessory-comoart.-'ent   temperature  by  15° P- 
The  flapped exits,   the  exhaust-stacV   shrouds,   and  the 
unsealed nceessory-oompartment  exit  gap were components 
of the  aeries  II  and series III   configurations  tested 
most extensively  and for which cooling adequacy was 
established.   (See reference 1.) 

generator blast  tube.-   Generator cooling-pressure 
data for four blast-tube inlet locations  are  summarized 
In table VT.     The highest  pressure recovery  for the 
elimb-at-normal-power condition,     0.58qQ  = 3-3 inches 
of water,  was  obtained  with the  blast-tube  Inlet located 
at the rear wall of  the pressure box above  the  carburetor 
duct.     The  pressure drop  for this  configuration,  U inches 
of water,   is  shown by flKure 2Ü to be more  than sufficient 
to furnish the 75 cubic feet of cooling air per minute 
specified by the  engine manufacturer. 
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Internal Flow 
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o 

Extensive pressure surveys u-ere conducted In the 
series It and series III configurations, considered to 
be most promising, to determine the available cooling 
pressures and the effects of the several flight and 
model variables on the internal flow. • 

Pressure distributions.- Pressures measured through- 
out basic configuration Ila are presented In figure 29 
for the high-speed and climb attitudes with propeller 
removed.  These data indicate excellent flow into the 
cowling with nreasure recoveries in the inlet and at the 
end of the diffuser (beneath cylinders 6R and 6L) nearly 
equal to l.Oq..  Recoveries at the front of the cylinder 
barrels varied between O.'Hqg and O.99q0; but corre- 
sponding pressures at the front of the cylinder heads 
were much lower due In nart to flow obstructions pre- 
sented by the Ignition harness (fig. 3).  Pressures 
measured between the fins of the cylinder heads (used 
as the front pressures in the determination of the 
cylinder pressure dross) were approximately equal to 
those measured in front of tha .heads.  Recoveries at 
the face of the oil cooler were about O.95l0 *nd 0.76qo 
for the high-speed and olimb attitudes, respectively. 

Typical propeller-operating pressures (fig. }0)   show 
substantial Increases in rsm over those obtained in the 
propeller-removed tests.  At the inlet, totel pressures 
reached maximum values of 1.30qQ find 2.33q0 in the high- 
speed and climb conditions, respectively.  The occur- 
rence of these peaV pressures In the lower and right 
parts of the inlet are Indicative of increased loading 
of the proueller-blade sections in front of these regions 
due, in the former case, to the increased propeller 
radius and more effective airfcil section and, In the 
lattai- case, to the Ditched attitude of the oropeller. 
Pressure recoveries at the left-bank cylinders and in 
the left side of the pressure box were higher than 
corresponding pressures In the riecht half of the cowling 
because of slipstream rotation.  Pressure, distributions 
at the rear of the engine, at the oil-cooler face, and 
at the carburetor deck were nearly uniform. 

The ram in the carburetor duct with both normal and 
alternate inlets is shown in figure 31«  These data, 
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taken In the maximum-endurance condition« Indicate that 
the flow at the carburetor deck was uniform with either 
Inlet configuration; the average ram with the alternate 
Inlet, however, was approximately l«2q0 below that with 
the normal Inlet. 

Cylinder pressure and pressure-drop distributions 
for model configurations with the three types of baffles 
are shown In figures 32 and 33 for the propeller-removed 
and propeller-operating conditions, respectively»  The 
front pressures varied by as much as 0.5qQ between 
Individual cylinders; but, as previously noted, the rear 
pressures were nearly uniform.  The lowest front pressures 
and consequently the smallest pressure drops were con- 
sistently measured at the forvard cylinders of each bank. 
Substituting the NACA designed diffuser baffles for the 
turbulent-flow baffles on the left-bank cylinders increased 
the pressure drop across these cylinders and caused sub- 
stantial reductions in outboard barrel temperatures (ref- 
erence 1), but at the same time caused small reductions 
in the pressure drops across the right cylinders. 

Average duct pressures.- Pressure data obtained in 
the flight-simulation tests are summarised in table VTI. 
the rar pressure in the inlet for the II and TIT series 
configurations averaged 1.30qo in the normal-power high- 
speed condition and 2.lltq0 in the normal-power climb 
condition.  Pans at the carburetor d»ck for these flight 
conditions and configurations (1.35qQ and 2.01q0, respec- 
tively) correspond to airplane critical altitudes of 
'^000 feet and  :)')00 feet based nn the engine critical 
altitude of  3000 feet.  Tt should be noted that the 
engine charge-air flow was not simulated exactly for the 
high-speed condition as this air flow is not proportional 
to Tc.  For the normal-power climb condition (configura- 
tions He and Ilia), static pressures in the engine and 
oil-cooler cooling-air exits «ere about -0.l4.3qo and -0.28q0; 
corresponding engine and oil-cooler pressure drops 
averaged l»5uq0 and 1.86q and were sufficient to cool 
the engine and the oil below the specified temperature 
limits.  Pressure drops for the series TV configurations 
with the mixed baffles were of the same order and were 
likewise adequate for cooling in this critical flight 
condition.  Tt Is- noted that the measured.thrust coef- 
ficients for the climb condition tests were consistently 
less at military power than at normal power possibly 
because of efficiency losses incurred by the high Mach 
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number and high loading of the propeller tips or by the 
decrease in Vg/nD; Increasing the gear ratio or modifying 
the propeller might result in overall increases In air- 
plane performance at military power. 

The average pressures in the engine and oil-cooler 
ducts are presented in figures 32L and 35 as functions of 
Vi/V0 and    a for the propeller-removed tests and as a 
function of Tc for the propeller-installed tests. 
Variations of the exit total pressure are omitted from 
the figures as these pressures were very nearly oqual to 
and conflicted with the presentation of the rear pres- 
sures. Some of the rear pressures, in turn, have been 
omitted from the central oortlonr. of the figures for the 
sake of clarity.  Propeller-removed data are used as the 
end points of the curves In which T0 is the independent 
variable because the model with propeller installed was 
not tested at this condition. 

Inlet total pressures for the propeller-re-noved con- 
dition were nearly unity over the complete Vj/V_ and 
a ranges tested.  Propeller operation increased thsse 
pressures to a much greater extent than would be expected 
from consideration of the simple momentum theory (from 
which the inlet pressure rise would be *TC).  Analysis 
of the propeller-operating conditions indicates that this 
result was attributable to the increased loading of the 
propeller cuff sections caused by reduction of the 
effective V0/nD in the low velocity field in front of 
the inlet. 

Pressure losses between the inlet and the front of 
either the engine or oii-oooler (figs. $h  and 35) 
increased appreciably between the limiting propeller- 
removed test inlet velocity ratios of O.ii and 0-7 and 
were essentially independent of angle of attack, oro- 
peller removed.  Attention is called to the fact that 
the Slopes of the curves of front, rear, and exit pres- 
sures versus T0  are influenced by the changes in Vi/V0 
which accompany"Increases in Tn as these curves are 
presented for constant outlet configurations. 

Static pressures at the re_ir of the engine or oil 
cooler and in the cowl exits generally decreased with 
increases in o,  propeller removed.  With propeller 
installed, the exit static pressure increased with Tc 
with undeflected exit flaps but decreased with TQ 
with fully extended flaps. 
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*. 
The  pressure losses  ahead of the engine and oil 

cooler are shown In figure 36 as  a function of Inlet- 
velocity ratio.     The continuity of the  curves  for the 
propeller-removed and propeller-installed conditions 
Indicates  that  losses  caused by misallnement of   the 
inlet  with the incoming  flow were small for the  propeller- 
Installed  condition.     The greater  losses  'with  the 
turbulent-flow baffles  than with  the  conventional baffles 
«ere  probably caused by  the  obstructions   to  the  flow in 
the vee  presented by the inboard parts  of  the  turbulent- 
flow baffles.     The magnitude  of the   losses  at  the higher 
lnlet-veloclty  ratios  emohaslze  the  need  for  large Inlets 
for  installations  of  this  engine in low-speed  airoraft. 
Losses   ahead of  the oil cooler could be  reduced by using 
larger ducts.   • 

Ducting efficiency.- The ducting 
cowling expressed as the relationship 
drop  across  the heat  exchanger     (AT) 

efficiency of the 
of the  pressure 

..    ..   .    -..--      .-   .     to  the pressure 
drop  across  the  cowling     (Hj  - E£)     is  shown in figure 37 

pressure drop.     Con- 
conventional baffles 
ratios   of  about 0.35 

[la with the  turbulent- 
-duct pressure-drop 

for  ranges  of engine  and  oil-cooler pr 
figurations  le,   Ila,   and  Tic with  the 
had maximum engine/duct oressure-drop 
compared   to 0.7C for configuration III 
flow baffles.     The maximum oll-cooler- 
ratio was   approximately 0.95- 

Outlet  effectiveness.-  The   static pressure depressions 
In  the  cowl  exits  caused by opening the   flaps  and  shutters 
are shown in figure 30»     Opening the engine  and oil- 
cooler flaps  reduced the  exit.static  pressures  by  approxi- 
mately 0.57qo  and 0.65q0>     respectively.     The  advantage 
of using a f lapr.vvi exit  is   shown  by  comparisons of  the 
flapped-exlt  and  shutter-exit  curves;   at   the maximum 
shutter-exit  areas  the  static pressures  In  the flapped 
engine  and oil-cooler  exits  with  the  same   areas  were 
0.26q     and 0.21q0   less   than   the  corresponding pressures 
In  the   shutter  exits.     The Increased  effectiveness  of 
the  flapped exits   is  further indicated   (fig.   39)   by the. 
larger  inlet-velocity  ratio  fur any given outlet  area.. 
The rapid  lncrep.se  In Inlet-velocity ratio with 
noted in  this  figure.. 

is 

I 

Charts  for Predicting Exit Areas 

To facilitate  application of  the pressure  data, 
engine and oil-cooler pressure drops are presented in 
figures i|.0 and I4.I  as functions of    A 
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All available prooeller-lnstalled data «are plotted in 
the right portions of the figures regardless of angle of 
attack as this variation »as obviously of second-order 
importance; the lines shown were faired through the 
a = 7.50 points and would be shifted up or down by 
changes in a,  but would not be changed appreciably in 
slope.  The exit areas and flap angles required for engine 
and oil cooling in the steady flight conditions of this 
airplane may be estimated from these figures by the fol- 
lowing method as indicated on figure I4.O: 

1. Locate the value of ££ required for cooling at 

the T. for the flight condition in the right-hand por- 
HP 

tlon of the figure and determine — at Tc = 0 by 
^o 

constructing a straight line through this point parallel 
to the two test lines or through this point and the 
intersections of these lines. 

(P for 
0 ÄP 

at the flight angle of attack and determine •£-    for 
«"• q" 

a = 7.5  by constructing a line through this point 
parallel td adjacent test lines. 

2. Locate the above-obtained value Te  = 0) 

3.   From the value of 4P for    a = 7.50    read the 

flap angle  and exit area from the  curves in the left 
portion of the figure.     As  indicated on the charts, 
allowance must be made for loss in flap effectiveness 
caused by deflection of flaps  ahead of or behind the 
outlet under- consideration. 

Estimates  of  the  required flap-  angles  and exit 
areas based'on the  cooling-requirement predictions 
presented in reference 1 are shown In table VIII. 
It is noted that with the  auto-rich mixture  setting, 
flap deflections  of 6°  or loss vi11 be  sufficient  to 
oool the  engine  cylinder's  v:ith either type of  baffling 
in the. high-speed,  climb,, and cruise  conditions;  opening 
the  flaps  will produce sufficient additional oressure 
drop  to cool the   conventionally  baffled engine  with the 
auto-lean mixture.     The  negative  ^ngine-cooling-air 
exit areas  shown for the. rrtxl-'um-enduranee-cruise con- 
dition Indicate that  leakage through the cowl  joints 
will be more  than adequate to cool the  engine'at this 
low power. 
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Drag 

Drajv studies based on force and pressure measure- 
ments were conducted throughout the Investigation to 
assist in the development of an optimum engine Installa- 
tion. 

f 

Force  measurerents. -  A  surrTary of  the   propeller-removed 
force data,   table   TX,   shows   that  substantial  reductions 
in drag for the high-speed attitude may be realized by 
minor modifications  to  the  installation.     (Pigures  illus- 
trating the test conditions of the model are listed in 
the  table.)     VIth the exhaust steck shrouds sealed drag 
coefficient increments chargeable to the  Installation of 
the individual and manifolded exhaust stacks  with hori- 
zontal flame damDsrs  were 0.0021 and 0.0015,  respectively, 
oompared to 0.0007, O.OOOli,  and 0.0003 for the manifolded 
st&cks  with vertical flame dampers,  the manifolded short 
stacks,   and the manifolded flust  stacks.     Leakage from 
the external pressure-box and cowl  Joints and from the 
accessory-compartment exit gap at the cowl-firewall 
Juncture increased the  drag  coefficient  by 0.0005. 
Removing  the  KACA designed fairing strip  from  the 
accessory-oomoartrant exit gap   (fig.   17)   increased  the    • 
drag coefficient by 0.0006  thereby indicating  the 
effectiveness of this fairing In  reducing and directing 
the accessory-compartment flow.     Substituting the  flap 
exits  for the   shutter exits decreased the drag coeffi- 
cient  by 0.0007 in  the  fully closed condition without 
decreasing the  pressure drops  across  the  engine  or oil 
cooler;   this  dra£ increment is  attributed  in  oart  to 
the tnoro  effective  seals   around  the  edges  of  the  flaps 
and..in oart  to  the  elimination of  the  recessed  surface 
at  the shutters. 

rrorr, the preceding items  it  appears  that an over- 
all reduction In drag- coefficient of approximately 0.0035 
can be obtained  In the high-speed condition by:   substi- 
tuting  the   short  exhaust  stacks  for  the  Individual stacks, 
,senlint;  all external  cowl  Joints  except  that at  the fire- 
wall,   installing the  fairing  strip in  the  accessory - 
compartment  exit,   and substituting  the  flapped  exits  for 
tha  shutter exits.     This  reduction in drag  coefficient 
corresponds  to  an increase  in high  speed of 5 miles per 
hour at sea level;   reductions  at  anwies of attack of 
7j    and 3° correspond respect]vely to  an increase 
«n  the rate of  climb of aporo*i'iV-.tely 3k feet  per Minute 
and an increase  in maximum range,   according  to Dleiil'S 

CONFTDBriTAL 

 A 



18 CONFIDENTIAL MR No.  L5I12b 

9 

range forwula, of about 7 Dereent.  As Indicated by the 
calibration results, sizeable additional drag reductions 
can orobably be obtained by sealing the front bulkhead 
of the cowl to eliminate the large amount of leakage from 
the clearance bstween the spinner and the cowl. 

V'ith the flush flapped exits, the short exhaust 
stacks, all seals removed, and the firewall fairing strip 
removed, the over-all drag coefficient increments above 
the sealed and faired condition were 0.0022, 0.0029, and 
0.0025 f°T configurations lie, ITia, and IVa with the 
conventional, turbulent-flow, and mixed baffles, respec- 
tively,  '"ith open flaps corresponding over-all incre- 
ments were 0.006c, 0.0073, and Ö.0071.  Since the avail- 
able engine oressure drops for the three baffle configura- 
tions were of the same order, the saleotlon of the baffles 
for this airplane should be based exclusively on cooling 
oonslderati ons. 

Internal drag.- Internal cooling drag coefficients 
(flg. L2)  were computed from the total pressure loss 
through tiie cowling and the weight flow of coolln?: air 
by the following expression rearranged fror r. for».' pre- 
sented in reference 10: 

o 

1 -• <*r so 
<*r - Pc> 

The differences In over-all pressure losses for the. three 
baffle       configurations were counterbalanced to auch an 
extent  by changes  in the internal flow that only one line 
could be faired through the  calculated points.     At the 
high-speed condition,    T. = O.057,  the internal drag 
coefficients for the snglne  and oil-cooler ducts wore 
0.0021 and. 0.0302,   respectively.     Corresponding internal 
drag coefficients  at  the climb-condition.   T3  = 0.ü6, 
were 0.0112  and 0.0031.     It  is interesting to note  that 
the  sun of the  calculated internal drag Coefficients 
for the  closed-flap  condition -(0.0023)   was  of the  3ame 
order as   the  propeller-removed difference's In drag  coef- 
ficient between the  complete installations  and the 
sealed and faired basic shape. 
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Corn»risons  of the measured and  calculated drag 
inoren-ents caused  by opening the  exits  to Increase the 
cooling-air pressure drops  are oresanted jn figure i-.}. 
The calculated Internal crag  coeff l-:ients were soirowiat 
higher than the measured  ovor-all increments  partly 
because  of  the decrease in leaV:age  '.''!•! ch  took pl'.ce as 
the internal  static pressures decreased  with increases 
in the  internal flow.     For a givon increase in pressure 
drop,   the  increase  ir. drag coefficient  was  nearly the 
aajne for exits equipped vith shutters or flaps. 

Surface Pressures 

Surface pressures  were measured at  the ri^ht  side 
and at the inlet of the cowling primarily to obtain data 
on the sir loads  and on the static pressures  at the oooling- 
air exits.    Extrapolations of the pressures to high ysch 
numbers were  made  by use of  the von '''ärma'n relationship 
given in  reference  11. 

Pressures measured along  the right   side of the  sealed. 
and faired cowling ore presented in figure Lit.     The 
static pressure at  the  engine-eoollng-air -exit was  less 
than the free-stream static pressure  whereas  at  the  oil- 
cooler air  exit,   it  was  equal   to or  slightly greater  than 
this  pressure.     Changing  the  angle of attack fror: -1.5° 
to 11,2° caused little change in the oressures at the 
exits,     ''•"ovlr.g the wing 20 lnche.:.  forward  to conform 
with a design change made subsequent to  construction of 
the model would cause only smell  changes  in the  static 
pressures  at  the  exits   and  consequently rould not affect 
the  application of the  tost  results- 

Surface  pressure  distributions  at   the  cowl inlet 
with propeller removed  sre shown as  figure k5'<  indicated 
critical yach numbers corresponding to these data are 
presented in figure lf.6.     Pea';  negative pressures  on the 
lips decreased with Increase« in  both inlet-velocity 
ratio  and angle of attacV.     Pressure  peaks  on section 0-C 
roachod a maximum of -1.05q0  ^t   o -  -lw5°    with 
vl/vo = °»W     but were  only -0.^1qp  for  the high-a^eed 
attitude,     o = -1.5°,     Vj/V., = O.^k.     These pressures 
correspond to critical Kaeh numbers cf 0.57 and O.70 
and  critical soeeds  in sea-lsvnl  standard  air of M\2 
and 533 »:iles  oer hour,  respectively.     Such high  indicated 
critical speeds show that the cowl lip shape  (table III) 
might bo applied  successfully to  a high-speed airplane. 
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fhe  of feats  of  oropeller operation on  the RUfMt 
• re0eures  tit  the  cowl Inlet for the olosed-flop  condition 
are shown In figure u7-     Positive  pressure  neaVcs  increased 
v/lth    Tc     and  also "loved  toward the  Fight  side  of the air- 

L in i.     Negative pressure peaks on the right and bottom 
sides of   the  Inlet decreased with Increases In    T0    parti./ 
because of  the  oressure  rise  throush the  propeller but 
nalnlv  because of the  attendant  increase  In    V"«/V0,     A 
comparison In  figures k^(o)   and b.f  of  the  pressures  on 
critical  section C-C  (for  the high-speed Inlet   velocity 
ratio of O.5L)   shov/s  that propeller operation did not 
result in pressure changes large enough to alter the 
critical ::ach  number as  predict&d  from tha propeller« 
nmoved tests. 

SUT.VAPY 0'-   »ESTTM5 

The more Important,  results  of  the  Investigation  are 
nuirji"ari.7,<?d  as   follows; 

1. Available  pressure drops  across  the  engine and 
oil cooler of original  cowl configuration Ta »-ere Insuf- 
ficient for adequate  cooling in  the n:>rmal-pov;er cllffb 
con-.ii tion.     Final cowl  configurations of  the II,   III, 
and IV series, however,  possessed  atiple engine and oil- 
cooler pressure drops   (about  l»'3ci0  and  1.9q0)   for ooollng 
in this  critical flight  condition with each of tha   r':r»e 
baffle  configurations  tested  therein. 

2. The flap-flush exit  area was  sufficient  to cool 
the engine in the high-speed condition in any configura- 
tion tested:   leakage  alona  would furnish  adequate  cooling 
In the maxi^um-endurance-cruise erudition. 

3. The  rams  at  the carburetor deci' of   the  series   XI 
configurations  were  1.35l0  and 2.01q    for  the norrr.al- 
nover, high-speed,  and  CIITD condltlons,   resaectively; 
corresponding critical eltltudss  of the tilrplane in 
standard air are about     '900 feet and   MOO   feet based 
on the  engine critical  altitude of  6000    feet. 

'L.   T>;e  flopped ^xi.ts  produced higher oreesuro drooa 
and had   lover drag", at equal  pressure drops  than the 
shutter eyits. 
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y.  In the noiriui-riover olltnb ooaditloa (flans  open); 

(a) "emoving the exhauat-stacV ihrouda  imroused 
the  engine  and oil-cooler pressure drops by fi.Ooq 
and O.OOq  ,  respectively,   but increased  both  the 
charge-air and  cooling-air temperatures by Br F. 

(b) Sealing the r.coepS'jry-'joiKpartnjent exit gap 
at the firewall increased the o3cessory-corfl:>artn:ent 
temperature by 15° F. 

(c) Removing; the vanes  from the  engin<j-conllng- 
air exits   oeuaed   little«   If  i»..,-,  tfecrease 
in engine  ores sure drop. 

().   A ram of 3*3  inches of water at  the generator 
blPst-tube flange wea  attained in the climb-at-normal- 
power ooaditloa by locating the blast-tube inlet at the 
rear of the prsssure box  above  the carburetor duct. 
Although this  ram v.as  lead   than the N.'vy requirement, 
the 'pressure droo  across  the generator furnished  air 
flov in excess  of  that  specified by  the engine -lOjiufr.c- 
turer. 

?.   As  Indicated by ground-stend calibrations,  lep.';are 
from the external cowl  Joints  in the high-speed flight 
condition would be  f.  large  pereentoge ot thr> sn;;iüe 
cooling-air  flo'*. 

ß.   At     a =-1.5°,     a -iropeller-rewovod drag-coefficient 
increment  of 0.0011  was  caused  by leakage  through  the 
Dresauro-box Joints,   the  cowl  joints,  and the covl-firewaJ.l 
elaarame.     This  increment was  reduced  to O.OOOj by an 
KACA designed fairing stri-> which blocked part of the 
f]ow and directed the retr.aindar more nearly parallel to 
the-  fuselage. 

9. At    a = -1.5    and with the exhaust-stack shrouds 
sealed,   the drag coefficients for exhaust  stocks  -dth 
individual and manifolded horissontal-fishtail-type flame 
dampers  were 0.0021  and 0.0015 conpared to O.OOOlj. for 
manifolded  short  stacks  and 0>0007 *"or manifolded stocks 
equipped vri th vertical-flshtail-type flame dampers. 

10. ?*inor model modifications indicated by the drag 
tests would result at sea lsvel in spiroxliTiate Increases 
of 5 -«lies per hour in high soeed, 3I4. leet per minute In 
rate of climb,   and 7 percent  In rr.aximuir range. 
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11. Ilie over-all drag coefficient was  essentially 
Independent of baffle  configuration. 

12. In the proneller-reaioved condition at    a = -1.5° 
the  drag coefficients  for configurations  Tic,  Tils,   und 
IV« with closed  flaps,   short  exhaust  stacks,   and no  seals 
were 0.0022  to 0.0029 greater than that  for  tne  sealed 
and  .Pelred basic  shape.     '.These increments were of the 
same  order  as  those  for the   calculated  internal drags. 

13. treasured  thrust  coefficients  for the climb 
oondition tests were  consistently  less  at military power 
than at normal power possibly because  of propeller  tip 
losses  or the  decrease  in    V0/nD.     Increases  In  the pro- 
peller gear ratio or mod5 flcations   to  the propeller flight 
result in over-all increases in Birolane performance &t 
military power. 

l)^..   For the high-speed condition,   the Indicated 
critical ;.*aoh number of  the installation as determined 
by the  negative peak pressure  on  the  lower lio  of   the 
Inlet vas O.70. o 
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CONFIDENTIAL 

TABU I.- KEY TO MODEL CONFTOURATTOH AND DATA PRESENTED 

Config- 
uration 

Syw- 
bol 

Distinctive Angina and 
aowllng components  Installed 

"Data 
presented 

j              Subatltuted oompononta Pressure Force 

I 

• 

Cow 
Shut 
Bxht 

di 
Ort« 

rentlonal baffles 
ter exits 

lust staoks with horizontal flame 
impers and shrouds 
lnal oll-soolor ducts 

  X 

b Ck 
Exhaust ataoks with vertlsal flame 

dampers  and shrouds X X 

e Modified oll-oooler-exlt duot X X 

a Modified oll-oooler-exlt duet with 
vana omitted X — 

• O Modified oll-oooler-exlt duet,  vanes 
Installed In oll-sooler-lnlet duot X X 

II 

• D 
Conventional baffles 
Flapped exits 
Exhaust otaoks with vertloal flame 

dampers and shrouds 
Vaned  oll-oooler-lnlet  duct 

x. Y X. Y 

b Fluah axheuat stacks with shrouds .... X 
e A Short exhaust  stacks with shrouds Y Y 

III 
• X 

Turbulent flow bafflea 
Flapped exlta 
Short  exhaust  stacks  with shrouds 
[Vaned oll-oooler-lnlet dust 

X,  Y X, Y 

I« 

• o 
Turbulent flow bafflea onrlght bank    mixed 
NACA-designed baffles on left bank   bafflea 
Flapped exits 
Short  exhaust staoks with shrouds 
Vaned oll-oooler-lnlot duot 

X. Y X. Y 

b + Short exhaust  staoks without  shrouds Y Y 

e Individual ataoks with horlaontal 
flame dampers and shrouds 

  X 

d Exhaust ataeka with vertloal flame 
dampers  and without ahrouds   X 

• V 
Short exhaust  a tucks  without  shrouds 
Flapped englne-coollng-alr exits 

without  vanee 
Y Y 

*X Propeller removed. 
Y Propeller Installed. 

CONFIDENTIAL NATIOKAL ADVISORY 
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CONFIDENTIAL 

TABU  XX.- SUMMARY OP DUCT AREAS. 

(Measured perpendicular to flow) 

        Item 
Cowl Inlet 

Carburetor-duot inlet 

Carburetor deok 

011-ooolor-duot Inlet 

011-oooler faoe 

011-oooler-duot exit: 

(a) Original ahutter exit  (configuration« la,  Xb) 
ahuttar oloaed 

ahutter open 

(b) Modified ahuttar exit  (configuration* Io,   Id,   le} 
ahuttar oloaed 

ahutter open 

(e)  Flapped exit  (configurations XX,  XXX,  XT) 
flap oloaed 

flap open 

Engine-ooollng air exlta: 

(a)  Shutter exlta  (configuration X) 

shutters oloaed 

ahuttere open 

(b) flapped exlta  (oonflguratlona XX,  XXI,  IV) 
flaps  oloaed 

flaps open 

CONFIDENTIAL 

COMNITTK A» «BWIAUTICS 
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CONFIDENTIAL 

h 
Si 

i 

TABU  in.- OUriOK LOCATIONS AMD 00>I. 

COMTOmW AT INLET. 

Sectlon B-fl 

3r"\Hm A-fl  Seotion B-B           1 
 ri«ft -i^T)        1 x       1 Y  

22.92 
16.21 

IS. *3 
16.82 

x      Y*V  
1.89      -0.17 

13-87 1597 ,98         -.31 
U.96 15-05 •1*0         -.39 
7.72 12.88 •17         -.31 
6.02 11.94 •01           -.0* 
H.38 10.79 •11         -.26 
2.9* 9.49 •J*       .63 
1.68 7.87 1.0*         1.3B 

.76 6.12 1.76       2.61 

.20 4.19 2.61         2.62 
0 2-19 4.42         3.59 
0 •17 6.32         U.jij 
0 -1.82 7.76         4.74 

.1* 

i:fl 
2.96 
4.42 
6.13 

-3.8* 
-5\77 
-7.51 
-9.09 

-IO.35 
-11.40 

S:S   ys 
aeatloiTc-C            1 

i.b3      -0.15        I 
7.89 -12.35 .63        -'39        1 

11.26 -13.88 15        -.35 
13.24 -14.74 .02         -.1U 
15.53 -15.65 .02            .oa 
22.21 -17il5_ •33          .54 

.69            .85 
Section B-B 1-05       1.10 

1*1       1.30 
1-92        I.55 

 frigfi^ .<«.) 
 8 L * 

1.82 O.07 2-35        I.75 
• 93 -.21 3.26        2.08 
.1*5 -.36 5.21         2.58 
•15 -.29 719         2.93 
.01 -.06 11.66         3.59 
.08 • 3* 15-88         U.12 
.30 • 78 19.40         4.42 
•93 

1.65 
1.59 
2.29 

1 
2.47 2.89 •etet     in 
4.25 
6.06 
7.99 

1   11.83 

3.91 
4.70 
5.30 
6.Ill 

ttaanaloaa 1B 
laahu.     BMk 
oooitifnata looatu 
• prwnin tttb». 

[   IB.76 6-7«    | 
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TABU IT.- PRESSURE TOBE IHSTROMMMTXOll 

Location 

oo»l Inlet 

pressure bos (In plan« of 
-unbar 6 cylinders) 

engina rae (in front of 
barrali and beads) 

batman head f lna 

behind barral bafflaa 

anglne-eoollug-alr exits 

generator-bleat tuba flange 

earboretor-duot lnlat 

earburetor 

oil eooler: 

duet lnlat 

front faea 

raar f aoa 

duet exit 

lnlat Una 

right flank of 

»unbar 
nf 

tubas 

19 
9 
6 

at 

u 
u 
10 
12 
38 
6 

12 
3 
6 

16 

15 
3 
6 

16 

3 

9 
3 
6 

71 

31 

Type of 
pressure tube 

shielded total 
atatle 
eurfaee orlflee 

-do- 

total 

total faolng baffle 

shielded total 
total 
etatle 
eurfaee orlflee 

total 

-do- 
«tatle 
eurfaee orlflee 

total 

-do- 
etatle 
eurfaee orlflee 

total 

open end faolng rear 

total 
atatle 
tfurfaoo orlflee 

MR NO.   L8UC» 

tlgunm 

3(e), 19, 29 
Do. 
Da. 

3(e). 29 

3(b), 6»), 29 

5, 29 

9. *, M 

16(e), 29 
29 

16(o), 29 
De. 

21 

3(b), U, 89 
Do. 
Do. 

Do. 

3(b), 29 
De. 
De. 

11, 29 

De. 

16(e), 29 
De. 
Do. 

table in, 15 

U 
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MR   No.    L5I12b 

CONFIDENTIAL 

TABLE TI .-  aUWUtY  OF  PNOPEU.en-RCffOT0)  DW DATA. 

Itfsasurad at a Reynold« nunbar of    «1.1  •   1'='      baead en   th» IHR «p.d/Mwic short) 

Confle- 
uratlon 

Illua- 
tratlve 
fi.ru re« 

'*** 
a - -1.*° 
(Hleti- 
snasd 
attitude) 

1 -  1° I - 7.«-° 
(climb 
attitude) 

« • 11.2° 
[Max*  endur- 
ing a orul«« 

attliuds) 

H   i«l   aORnlatel*  sealed and  faire-   (oonvsntlonsl 
baffles on  cylinder«! „_. •w       

Inlet opsned and seal« renorrd  Tran en trine- 
coollna-alr «xlt«  (shutter typ«) ~ Jtt Ü.OU08 O.UO09 O.OOlO 0.0011 

Seals monl frai oil-oooler exit  (shutter 
t.vrrJ - IK.) .UOOO .UOOO .UOOl .0002 

Exhaust it**»' with horlxontal flMi« damper« 
Installed I« «(•) .UOl*. .0009 .0007 .U005 

tiMin  «task« «1th »art leal fit-«- dampers 
Inntailed n •(») -.0008 -.UO03 -.OOttt .0000 

Seal« between exhaust «tack« und «hroud« wwrt ~ » ,Ouu2 .f>f>>l .UOOO .UOOO 

Seai« .amoved fro» external pr»««ur«-box joint« " «(.) .0001 .UOU1 .0000 .0000 

Scale removed froa external cowl Joint« except 
at eolnner,  firewall,  and edeaeof «hutt«r« — It.) .O0O2 .0001 .ooul .0001 

Soul b»t«««n coal «nd firewall removed " 1MH, 17 .0002 .0002 .0001 .0001 

Fsi ring «trip removed  fron  firewall clearance — P .fco*. .0006 .00« .UOOH 
-.ll-T-oler-t-xlt  «nutter opened   (Seal« 

removed froa «dews) ~ IS .oooa .oooa .000s .oooa 
Modified oll-eooler-sxlt duct  installed 
•1th «huttar opan Ze 11 -.0009 -.0003 -.oooa -.'jOOa 

Vane removed fron oll-ooolor-exlt dust,  vanee 
lnt-talled In oll-eooi«i—lni«t  lift,  «««1« 
removed fro« ed«e« or engine-air «tiubtor«,' 
oll-".ii.#r snuLter Closed 

All «nutters Ooenad 
Xe 

Is + \ •OBM 
.0017 

.0002 
.0018 

.0001 
.0016 

.0001 
.OOl-i 

Flapped «xlt«  ln«tall«d   (flap« oloaod) 
JAll  flap« opened 

lla 
Zla -*'«. ••fJOOf 

.00U6 
-.uO06 

.uO*6 
-.0001 

.U0U5 .uoa? 
Flush axhau«t «taok« ln«tall«d,  flap« olo«ad lib T -.uooa -.uooa -,0003 -. -, J 

Mods-j. ra*tor*d to original oondltlon,  turbulent- 
flow baffla«  Installed on cylinder« — >(.). s. 

1   
Inlet opened,   mi   Heal« remoeid except at 
•pinner «nd exhauat  «taok«,   firewall fairing 
«trip removed „ ». » .0023 .0019 .0019 • uo?l 

Short exnauet  «taak« Installed,   shroud  ««al« 
removed 

I Al i   flap« anwied 
Ills 

Ilia 
m%m .OOOb iofci .0006 

.OOb? 
.0006 

.0019 
.0006 

.0019 
KACA-daalimei diffuser baffle«  ln«tali«d on l«ft 

bank cylinder«,  axl-aust-stack shroud«     sealed, 
flap« cloned 

IA11 flans Onened 
ITa 

IVa 
a* 

Ufa) 
-.0006 

.UOU6 
-.OOO« 

.oo*a 
-.uoo» 

.0043 
-.uoo* 

.uoaj 

Hookr^-un Individual «tack« with horizontal 
flam« dnaoara  Inatalled,   flan« olo«ad IVc 8(d) .0017 .001/ .0017 .0019 

Exhaust «taok« «1th vertical flaat« demoer« 
Installed XVd T, «.) -.OOla -.UOl* -.0019 -.0019 

• Non-lndont.d »»In-« .r.  tho  tr»«- aa.fflal.nt Inarananta ta.tw.an .uoaaaHl*. non-lndontod .odal oondltlon.. 
Indontod *aluaa tra baaad on tika ra.r.otlra praaadln. aodal oondltlono. 
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PIOÜRE  LE1TLIIDS 

Figure  1.-  Ceneral  -arrangement  and principal dimensions 
of Todel. 

^Igure 2.- General v.lev,s  of model. 

(a) Side  view;   nealed and ftired condition. 

Figure «2.-  Continued. 

(b) Side view of  configuration lb;   shutter exits 
and vertiaal-flajM'danping exhsuat ataolca  installed. 

figure Ü.- Concluded. 

(c) Front via«;  propeller installed. 

Figure  5.- Enp-'.ne and lnlat duct. 

(a) As   tested In conflguratlona  TVa  and TVc. 

Flg'Jre 3-- Concluded. 

(b) Inlet  llos  and  skin removed. 

Flrrvire  '1..- Pl^n-fovr:'. 1 nd  b!'ide-forr cui-ves for the 
'6101A-12 prooell^r binde.     (F,  radius to  tip;   D, 
diameter;  h,   section thickness;   b,   section width; 
r,  itation radiuai   B,  binde aagla«) 

Figure ^.- Tyoicfel  baffla  ond ;irassure  tube  Installations. 
Linear dimensions  in inches. 

Figure (•>.-  Raffle  instcll'iti ons. 

(a) Conventional  baffles   (instilled on outboard 
side  of cylinder only). 

Figure 6.-  Continued. 

(b) Turbulent-flow baffles,   lnboird view. 

Flgura (•••- Continued. 

(c) Turbulent-flow bafflaa,  outbocrd view. 

ooKPrairaiAx 



Figure 6. 

(d) 

figure  6.. 

(•) 

Figure 7.- 

Figure 8.- 

(t) 

Figur« 8.- 

(b) 

Figure 8. 

(o) 

figure 8.. 

(d> 

rigur« 9._ 

11   lire 10, 

I I ire u,. 

Pi-."'»re 12.. 

Figure 13. 

Figure lL 

''ijaure  15, 

COPFIDEKTTAI. KR ::O. rsri^b 

FIGURE CS9BRDS - Continued 

- Continued. 

1 'ACA-designed  diffuser  ;,Äffle3,   Inboard  vt-jw. 
• Concluded. 

?'ACA-desi:.;ned  diffuser  baffles,   outboard  rlew. 

Exhaust  stack  configurations. 

Exhaust stack" <'etcila. 

'anlfolded horisonta.l>flaiB*-dcmping exhaust 
staoka« 

- Continued. 

ifanifolded vartloal-fla»a*dainping exhaust ataoka. 
- Continued. 

I »nlfolded, short exhaust  st'-el's. 
• Concluded. 

Kooked-up  Individual  exhaust  stacks  with hori- 
zontal fliana dampers • 

Details  ol   exhaust-at&^'t-shroud  exit. 

- VIam of vertioel flame di-rpers  which failed 
during testing. 

• View of rear face of oil  ucoler. 

Oil-cooler duct configuration?. 

- ^Il-coolcr-inlet duct  Ibowlng vanes  and 
ganarator-blaat'tube inlet. 

- Carburetor duct  end   screen. 

- Coollng-air-exit  oonflguration*< 

.) 

o 
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FIGURE  LE^Z.-"DS  -  Continued 

J 

rie.urs l6.-  Coollng-nlr exits. 

(a) Closed  shutter  exits. 

"l.*ure l6.-  Continued. 

(b) closed flap  exits. 

Pigura  16.-  Concluded, 

(o)  open  flaopec!  exits. 

Figura 17-- Details of aocessory-co*.p>:rt rent exit gap  at 
firewall. 

Figure  IS.- Variation of  pooling air exit  ureas  with 
shutter and flnp openings. 

Pl^ure 11.-  Eisner-.'t or blast-tub:;  Inlet at  top of oo.vl 
Inlet;   configuration Ta. 

Figure 20.- Satuc for air-flo«  calibration of engine,  oil 
cooler,  and COT»1 laakaga area?. 

Figur« 21.- Setu-  for  sir-flow  calibrations  of generator 
and  blast tube. 

Figure 22.- Ground-stand  c«»lioration of  cooling-air flow 
through er),-,i!je. 

Figure 23.- Comoarl son of avaraga oresEure drops ucros.= 
left and right bank cylinders lor sallbrution con- 
ditions. 

Figure 2i|.. — Grour.d-stond calibration of ai r-f low through 
oil-cooler. 

Figure 25.- '"round-stand calibration of laakaga through 
exhaust-stack shrouis   and pressure-box  servs.     Oil- 
ecoler-duot  exit,  and  cnarpe-alr duct  aaalad]   con- 
ventional  baffles  Installed  on engine. 

Figure 26.-  Pround-stMid  calibration ol   leakage  through 
cowl soBTS doif-nstrea"1 of angina  and from gap  beV.veen 
cowl r.nd  i!r3Tflll.    Cowl flapa flush,  fairing atrip 
removed  from ac-.essory coreocrt-nent  exl t. 

CONi'TDEnTAL i 
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PKKTRE LBOWDS - Continued 

Figure 27«- Calibration of air-flow churaoterlütlcs of 
generator. 

Fl.-ure 23.- Fressure-droo  calibration of generator  blast 
tubo.     Inside  diairstor,   1,5  inches;   'rean  radii   Of 
bends,  3>5 iDi 

Figur« 2?.-  Typical pressure distributions  In  intort.nl 
flow systeti ior props?] ler-ie^oved  condition.     Con- 
figuration TTo.     All  views  £>ra fro-" ooint.3 upstream 
with resoect to  000ling   tir flow unless  otherwise       •     . 
(a) Inlet and englne-ooolJ.n^-air exlta. 

Figure 29.- Continued. 

(b) Engine  as viewed  fro.'1, above. 

Figure 29.- Concluded. 

(e)   Oil-cooler duct. 

Figure  30.- Typical pressure distributions in internal 
flov systsri for two fllght-almulatlon conditions. 
All vl ew^ are   frorr points upstrear vith respect to 
doling  air  flow unlos?   otherwise  noted. 

(a) Inlet and  englne*OOOling air exits. 

Figure  3°>- Continued. 

(b) Engine as viewed from above. 

Figure  JO.-  Continued. 

(5)  Carburetor duct. 

Figure  30.- Concluded. 

(d)  01I-cooler duet. 

PI ••tri 3-«- Cowperlaon of preaaurea in oarburetor duct 
U th nor-nal  and   nlternnte   •nlets  ior TaxiT-um 
endurance cruise condition.     Configuration Tic, 
a = 11.2°,   Op  = 06,   BQ  • <:>• ,   TQ = B.I3I . 

) 
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FITJRE  LEÖSr-'Eß  -  Continued 

! 

'•"tpure 32.- Engine ">r6ssure  aixi  pressure-drop distribu- 
tions,  nrcoeller removed. 

(a) Conventional  baffles,  shutters or flaps  closed. 

(b) Conventional     uffles,   shutters or flaps  open. 

ngura 32.-  Com laded. 

' ~.)   Turbulent  flow and mixed  baffles,  flaos   closed. 

(d) Turbulent flow  n.'id   'ilxed  bafflaa,   Urns   open. 

Figure 33»- Englna  pressure   md pre-3sure-drop distributions 
for flight-simulation conditions. 

(ti)   Formal powor. 

Figur« ?3•- Continued. 

(b)  I'illtary oover. 

Figure 33»-  Concluded. 

(e) KarlTUT' endurance cruise  condition  (a = 11.2°, 
5e • 0 , 6e = o'-') 30.fi percent normal powar. 

^ir-ura 3^.- Variation of average pressures  in onglne-cooling- 
air  riuot  with  inlet-velocity  ratio,   3nt'l-3  of  attac, 
and thrust  coefficient. 

Figure 33»- Variation of averaga pressures In oil-ooollng- 
a I r ("uet with lnlet-veloaity ratio( angla of attaoic, 
and thrust  coefficient. 

Figura 36.- Variation of loaaaa la lntaka ducts «lth 
Inlet velocity r^tio. 

Figure 37«-  Pelatlonshio  of  engine  and  oil-cooler praa- 
8upo drops  to  cowling  pressure drop. 

Figure 3^.- Variation of atatio pressure dapraaalon in 
cowl exits with exit crea.     a = 7-5n»  propallor 
removed. 
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FTG'JHE L1(r£':DS -  Sontl'.ued 

rig ire 3?.- Variation of lnlet-velooit? ratio with jneino- 
alr «no oll-cooler-exl t  areas,   angle of  attack,  sivl 
thruot   coeffic*.or.t. 

;l3ure !L0.- VarlJtlon of  engine nrassv.re drco with •>.,.  Li    - 
air-e?it area,  angle of attach,  -n.i  thrust ooeffl- 
ciint. 

Figure !
J.1.- Variation oi   oll-cooler-vdr pressure drop vlth 

nil-cooler-exlt trea,   engle  of  '..ttacl-.,   and thrust 
coefficl =?nt. 

Figure ]+2.-  Calculated Internal f?r: ; coefficients.     Con- 
figurations Ie,  TTa, lie,  and Ilia;  a = 7.^-. 

Figure U3»" Comparison of the measured and calculated 
drape  Increments  chargeable   to  incre-jses  In the 
cooling-air orersure <iro^.     Proooller re.mved, 

Figure I'....- Pressure distribution along  side of   sowllng. 
Propeller re.rovod.   Inlet  '>nd  erits sealed and 
faired. 

Figure 1+5»" Surface  pressure distributions  at oowl Inlet. 
Pr.i.!ellT  v-   iv.'-fl. 

(a) a - -U.50. 

Figure b-5«- Continued. 

(b) a = -5°. 

Figure  .'13-~~  Continued. 

(cl   a a  -1.5°. 

Figure i:3»~ Continued 

(d) o = on. 

Figure li1).- Conoiuded. 

(e) a = I.50. 
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FIOURE LEGEKDS - Concluded 

ii.-.re !-.(i.- Variation of est5.!n«\te<?  critical Vacb number 
of inlet llos v.-i th an^ls of   ftttaok und   ünlet- 
\zolnclty  ratio.     Propeller   re-.iovad. 

Fl   are i'(.- effect of propeller oTsrr.tlon or. .r;rfaco pro 
eures  s>t covl inlst.     a =  -l.S 
closied. 

22 ,  shutters 
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(e) Front view: propeller Installed. 

Figure 2.- Concluded. 
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"" ,   bafflea   (installed   on  outboard side  of 

,a,   conventional ba"^B
u;der  only). 

Baffle   lnstallatlonB. 
Figure  6i 
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(b)  Turbulent-flow baffles.   Inboard  view. 

Figure   6.-   Continued. 
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MaciHblded vertical-flame 
damping exhaust  stacks 

Manifolded horiiontol-flome- 
aamping exhaust stacks 

Manifolded 
exhaust stacks Manifolded 

flush exhaust stacks 

e 
*^^W^ NATIONAL ADVISOtV 

Individual exhaust stacks with      COMMIIIEE fO» AUONAOTICS 
horizontal flame dampers 

FIGURE    7- EXHAUST   STACK   CONFIGURATIONS 

CONFIDENTIAL 











MR No.   LSIlSb 

KB 

•••••I 

I 

10 

li 

<b 

oS 

8 

.5h 



.... 

• • I • 

• •• • 
•    • 

• ••• 

u. 
..... 

(et)  Mild-steel stacks. 

(b)   Stainless-steel  stacks;   flame dampers  stiffened  with 
beads  and  braced  by cross  struts« 

Figure   10.- Views   of vertical  flame dampers  which   failed 
during testing. 
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Figure 11.- View of rear face of oil cooler. 

CONFIDENTIAL 
MtiMti. inimi eomittii m mmnici MUi mniniui iimimi - unui mil » 



fcl 
MR   No.   L5I12b 

I 

<. 

Sal 

S 

8      £ 
I   s 

I 

S! 

1 
I 
I 

1 

 J 



f • • 

•••• 

• •• 
U.« 

MR  No.   L5I12b 

CONFIDENTIAL 

Generator    bias t 
tu be    for    con fig - 
urations HTc and HTe 

Vane   ins ta I lotion 
n o res :    3poc /no 
uniform   across 
duct} a/res   of 
c urva tare    in 
p/one   of   inter- 
section      of 
ducting, leading 
edges   aligned 
with   axis   of 
ups tre am  due ting. 

NATIONAL ADVISORY 
COMMITTEE R» MMNMJTKS 

CONFIDENTIAL 

Figure   13. -   Oil-cooler-inlet   duct 
showing    vanes   and 
generator- blast-tube 
inlet. 
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(Configuration la) 

Flap exits 

(Configuration He) „    »AHOMAL AOVISOty 
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FIGURE  15.- COOL.N6-AIR-EXIT CONFIGURATIONS 
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